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The Efficiency of Algorfttwrfzed Instruction 
VERNON S. GERLACH Md RICHARD F. SCHNID 
ARIZONA STATE UNIVERSITY 

« 

This experiment was conducted to determine the efficiency of three forms 
of an algorithm of knoim effectiveness and the effects of Its avallablll^ 
following Initial Instruction. The dependent variable was time to solve 



^>wiyirt^«»<nnal prohlaws requiring rule application. The algorithm was presoited 



In three forms: prose, flowchart, and gradual withdrawal of flowchart. The 

s 

algoiithii was either available during Instruction and testing or durlrrg Instruc-^ 
tlon «i1y. Results Indicate that, over time, algorlthmlzed Instruction 
significantly decreased time to solve problem, even after a week's delay, and 
that recourse to the algorithm reduced Instructional time and resulted In 
faster le^er performance. 



The research on which this article was base* was supported In part by the 
Uhlted States Air Force Office of Scientific Research, Grant No. 76*2900, 
awarded to Arizona State University; Vernon S. Gerlach Is the Principal 
Investigator. 
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(a) Objective 

To assess the efflclaipy. In terms of both Instructional and posttest 
perfonunce tines, of an Instructional algorithm in three representational 
fonn (prose; flONchart; gradual withdrawal of flowchart). In two availability^ 
modes (with recourse to algorithm during practice and posttest; without recourse) 



(b) Perspective 

An algorithm Is "a procedure which will produce the correct result when ,. 
applied to any problem of a given class of problems" (Gerlach, Reiser, & 
Bredce; 1976). In recent years a number of works advocating the algorlthml- 
zatlon of Instruction have appeared. Although some research has demonstrated 
that Instructional algorithm^ can produce desired outcomes (Landa, 1973), It 
still remains unclear as to exactly when an algorithm should be used and In 
what form algorithms should be presented. Landa (1976) has stated that, at 
present, the only way to determine whether a given unit of subject matter Is 
•Mnable to algorlthmlzatlon Is to tiy to construct the algorithm and. If 
successful, to test the algorithm with appropriate learners. The presmt study 
Is an effort to go b^ond this kind of primitive empiricism by providing daU 
which can be used In beginning to fonmilate general principles concerning 
algorlthmlzatlon of Instruction. Three algorithms were used whose effective- 
ness was known; the efficiency of the algorithms In terms of time needed for 
Insthictlon as well as speed of performance on both immediate and delayed 
posttests was detemrlned. In addition, we observed the degree to which sub- 
jects became dependent on the actual presence of the algorithm during and 
after Instruction. 

(c) Method 

Design. Three factors. Tax Law Availability, Instructional Representation, 
and Test Interval were combined factorlally to form six treatment groups. Test 
'Interval was varied as a withln-subject factor. The design was thus a 2 
Availability (with tax law vs. without) X 3 Representation (prose vs. flow- 
chart vs. faded flowchart) X 2 Test (Innedlate vs. delay). Analyses of 
variance, with repeated measures on Test Interval, were employed. 

Materials. The Instructional task was adapted from Horabln's A lgorithms 
(1974;. The task consisted on generating the solution to tax problems 
Involving the purchase and sale of shares of stock. The authors created two 
sample problems for each of six possible solutions, from which two sets of 
problems were created. Instruction on how to apply the tax law took one of 
three representational forms: the prose condition received a verbal descrip- 
tion of the law, which followed an If /then format; the flowchart condition 
received the sane Information in a flowchart form, such that each decision 
(discriminator) was binary, leading to another discriminator, until the 
terminal solution box (operator) was reached; the faded flowchart was exactly 
the same as the flowchart treatment, except that for each problem confileted, 
one of the discriminators necessary for the solution of subsequent problems 
was deleted. The deleted Infomatlon was made available only If the subject 
was unable to recall It. Corrective feedback was supplied In separate booklets. 
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The questionnaire following the treataent asked about the learner's strategies 
and reactions to the Instruction. The posttest contained six additional ran- 
doaly ordered probleis of the saae type, without feedback. The delayed post- 
test and the Inediate posttest 4«ere Identical, except for the order or the 
problcas. 

Procedure . T^ experliiental sequence consisted of (a) an orientation, 
^ (b) a practice session, (c) an Imedlate posttest, (d) a quesjtlonnaire, (e) a 
one-Meek delay posttest, and (f) a questionnaire. In addition to coopletlng 
six practice and six posttest problems, subjects recorded the tine In spaces 
provided at the start and finish of each problea. Following the Introduction 
r«ad aloud by the experlaenter, subjects coapleted all phases at their own 
^e. During both posttests, only half the subjects froii each condition were 
. supplied the tax law for solving the' problems. 

(d) Data Source 

Data <;ons1sted of tine on practice and tine on posttest for 77 
undergraduate volunteers fron Arizona State University. Eleven subjects 
were dropped f|^ the experlnent for failure to follow procedures, 
. leaving 11 per 'factorial cell. Subjects were run In groups during nomal 
classroon sessions. Materials were prepared beforehand and shuffled, so 
that asslgiaent to treatnents were conpletely randonlzed. 

(e) Results and Conclusions 

Tine data was generated by conputlng the «ean nunber of seconds ' 
spent per probTen during Instruction and during testing. Onltted 
problens were not Included In the estlnates. 

Analyses of variance {\ Representation X 2 Availability) were 
conducted on the practice and posttest sections. A repeated neasures 
anova using the delayed test data was then perfomed. The repeated 
neasures anova was conducted twice: first, using groups as represented 
by the with/without distinction on the Innedlate posttest, and then 
using groups separated according to the Availability factor on the 
delayed test. 

Tine values obtained durlna the practice section were significantly 
different for Representation, F(2,60) * 8.44, p< .001, with Scheffe' 
tests ordering the neans, flowchart < prose « faded flowchart. However, 
iMMdIate posttest tines did not differ significantly, either for the 
three algorlthn groups or for the availability of the tax law. Subjects 
who had recourse to the 1m did not solve the problens nore quickly than 
did subjects without recourse to the law. 

The repeated neasures anova on the original groups yielded 
significance for the Representation factor, F(2,S4) - 3.16, p< .04, 
and for the TestlMin effect, F(1,54) - 1S.S, £< .001. Scheffe' 
tests Indicated that prose and flowchart groups spent significantly 
Tess tine than the faded flowchart group. Less tine was spent on the 
delayed test than the Inwdlate posttest. When subjects were regrouped 
according to Availability for the delayed test. Representation was 
significant, F(2.54) • 3.83, £< .02, the Test factor was significant. 
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F<K54 - 11.98, p< .001, and the Representation X Availability 
Tnteractlon reacnied significance, F(2,54) * 6.16, £< .004. Scheffe' 
tests again showed that the prose and flonchart groups spent less time 
than the faded flOMchart groups. Subjects also spent significantly 
less tiae on the delayed test. Individual coaparlsons on the Inter- 
action deaonstrated that only the faded flowchart groups spent 
significantly nore tine when not supplied with the tax law. No other 
differences were found. 

These results suggest that the type of task enployed In the present , 
experlaent can be efficiently taught through algorithm. Subjects were 
able to solve coaplex tax probleas Involving seven d1 serial nators and 
six operators at the 7St level of accuracy after only 12-15 ainutes of 
Instruction. The algorlthas required the learner to aake a aaxlaua of 
three unublguous binary decisions which always lead to the correct 
result. Surprisingly, subjects spent significantly less tiae solving 
probleas after a one week delay* with a decreaent of only 15X when two 
of the three algorlthas were withheld. 

Although one study cannot deaonstrate conclusively irtilch algorlthalc 
fora of Instruction Is aost efficient these data do provide soae tentative 
answers to this cru cial p r o b l e a . The prose and flowchart treataents 
coapleted the probleas consistently faster than the faded flowchart 
group, despite the fact that the faded flowchart group enjoyed 
significantly aore practice tiae. However, overall efficiency was 
greater for the flowchart group than the faded flowchart condition. 
The efficiency of the faded flowchart continued to dialnlsh over the 
one week delay. The slallarlty between the prose and flowchart conditions 
was that they provided the subject with an easy, systeaatic aeans of 
solving relatively coaplex tasks without requiring pleceaeal aastery of 
the procedure.' Subjects utilized the algorlttai as a problea solving 
devtce, and slaultaneously learned the procedure, resulting In high 
efficiency. The faded flowchart was slallar to traditional classrooa 
Instruction In that subjects were taught one section of the algorltha, 
asked to aaster It and then go on to the next section. Such a systen 
denies the step-by-step, logical characteristics of algorlthalc 
Instruction, and ultlaately proves less effective and less efficient. 
The Availability data also suggested that when algorlthalc Inforaatlon Is 
faded out during Instruction, subjects perforaed significantly less well 
over tiae than when the algorltha Is dealt with In a aore unitary, organized 
fashion. 

(f) .Educational Importance of the study 

The study deaonstrates that, when dealing with Instruction 
Involving rule application to the solving of computational problems, 
algorlthalzed Instruction yields a significant tiae savings. Of 
particular laportance for Instructional developers Is the Indication 
that, rather than trying to teach the learner to Internalize an 
algorltha, the learner should have constant recourse to It; both ^ 
speed and accuracy are Increased under this condition. 



